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SWb 0 St ENCINEERING PASSES AND AERTAL TARGETS

~ . INTRODUCTION

- iﬁ this section, detailed attention'is gi#en to the use of aerial targets. i'_”jfi‘_a
'-c First, the use of aerial targets is justified. That is, we answer the dual ¢

'5»A question, "What can be done with' target photography that cannot be done other-.

wise and why is thls useful?" Second, we discuss the role of atmospheqic
‘_T;;;;i;:ﬁ scattering .(haze), as this is central to the choice of a target form. While
| :?;: atmospheric turbulence ("seelng" or refractlve index inhomogenelty) is not
germane to the C/M system and 13 'therefore not discussed, it must not be’
;itlgnored for higher resolution systems (e.g., G)» Third, speclflc types of

targets are described and the implications of using these are explalned..

L Fourth, target fabrication and location are dlscussed. Fifth, and last,vre- 

: commendations are made. : o

' THE NEED FOR AERTAL TARGETS - | - SRR
The quality of an aerial photograph is primarily determined by the nature

S . of the atmosphere, the Ebility of the lens to resolve detail, the stillness

4

and focus of the image_impinging on the film, and the processing and granularity
§ _ of the film. Each of these independent contributions to overall quality‘can be

‘ separately measured - and should be during camera development and test - but the

R _"7_only complete-test of an aerial camera is an aerial photograph of an object
g j f -:"f- isufficiently well known so that uncertainties about the obJect are negliglble .
. compared to other parameters of interest.

As can readily be imagined, the instrumentation required to accuéatexy.l
/measure each indepéndent variabie similtaneously is overwhelming, so, as a -
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"‘} practicalimatter, such‘a.program.is intelligently approkimated, at best,' For.
f:;ft'j',j%,”fz instance, temperature of . the lens and barrel are measured, and perhaps film r5~
: Litiiif flatness is measured, but the location of the true aerial image relative to the ;fﬁlﬁ.ﬂ’

 £ilm s very difficult to check other than by the photography itself. Similarly,-_ .

; ‘;;3 ;f s fﬁlff the relevant properties of the atmosphere could be measured - if they ever be-: ” SR

‘.;ﬂ: come well known - but the effect of the atmosphere can be subtracted out of

the quality equation if the object is welll known, without any measurement of

ajtv §A”;hfi; . the atmosphere. Thus, the answer to the question, "What can be done with target~;._
. 'ff%7$;tﬁ photography that cannot be done otherwiset* is - nothing, in theory; but, in ; \;{: ;
CaT practice, target photography provides the simplest, cheapest, most accurate |
‘,:: measure of camera performance without a weight or space penalty in the airborne‘"
s package. |
" Is this useful? The answer here depends on the intentions of the measurer. . |

If the target photography is merely recorded and no improvements are to be

'.ff.'f'-~ i"i, attempted, then there is no p01nt in malking any measurement or in conducting f!f';i
- . .>eeng1neering passes, either of a component or the complete system, However, |
- .f'_‘% 4.‘. | if improvements are to beiattempted and we presume this to be the case, then
'%f '”..4: an accurate measurement is needed beforehand to assist in dlagnOSlS, and is '
. needed afterwards as a test of success. .
Target photography can assure good ground truth and the ambiguities can : . -
ea311y be made negligible for any aerial camera of interest. Similarly, apprce_.. o

priate. ground targets will be immune to the effect of atmospheric scattering

‘” ‘f'~3;§%j, on photographic quality. ’ :
L 'E; B However, target photography cannot pinp01nt a faulty component, although
:ﬁ it may well identify the nature of a deficiency, so target photography should
\ & o - e 5
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“be conducted concurrently with carefully instrumented component measurement-

during engineering passes. The concurrency of photography and instrumentation;']ju'

“19' provides a necessary consistency check on both outputs, and is the standard

and most valuable test for conventional aerial cameras. Also, target photo- 'fmﬁg't: 

graphy reveals nothing about the usefulness of the photography to the photo-

interpreter, and this must be investigated by other means, . : - “‘Qé“-f

{p LY THE ROLE OF ATMOSPHERTC SCATTERTNG (HAZE) - - o ! DR AT
e ‘Atmospheric scattering (or haze) lowers the brightness modulation (or - & .-

_ ‘ ' contrast) of an aerial photograph, primarily by adding non-image forming ,
Z'fl;};;;l;i_';il brightness, analogously to the addition of an extraneous D. C. voltage to a.  -
"lvyfﬂﬂﬁwlmixed'A.'C. and D. C. signal voltage. A reduction of signal (brightness)
iﬁ’i{z?fpzlgii.'modulation means that the resolution of a three~bar or .other target form will'i'i'jl

:<7.be_lowered in a predictable way, as illustrated in Figure ..{l)... While the

relationship‘of resolution and interpretability is not yet established, the ‘

' usefulness of a reduced modulation photograph for interpretation will also be
‘:Ji reduced. ‘Hence, both target resolution and information will be lower in a
:’i hazy atmosphere than in a clear atmosphere, The important aspect is that

. camera deficiencies can produce similar losses, as illustrated in Figure__ﬁgl;,
’4 - and it is thus important to distinguish those losses due to atmosnheric

| seattering from those due to camera deficiencies. In fact, because of atmos-~
E “~~[’f;~_. pheric scattering, it is possible to obtain poorer photographs with a superior
| camera, as illustrated in Figure _(31;_ There is no value in nodifying an
g. fi* K f’ 35.;Joperational camera system if its quality varlations (in terms of interpre=-
:~3;§s'3f' tability, for instance) are caused solely by atmospheric scatterinv variations,
f 5‘;,"; ?...;p_ fso it is very important to assess atmospheric scattering, or to choose a tar-

‘get fornm which is immune to modulation reduction.
The effect of atmospheric scattering is 1ndist1nguishable from a veiling -

- glare or ligh leak just as the analogous voltage applied to a voltmeter ) ;;fuﬁf
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,“;{ would not permit anyone to state how mach D. C. was originally accompanying

;:: the A. c. voltage nor how much of the D. C. - was added at.each of several e
dlfferent p01nts. .Thus, a target form immne to the effect of atmospheric E Tltﬂ

.;tp scattering will not, by itself, help reveal the magnitude of veiling glare 15 ‘ﬁfﬂ;?};f

‘,,the camera. However, this determination can be accomplished by comparative l. l}gfﬁu ?"2

’

' : %:photography of ground targets. , . L ) _ !
.gA“:‘g" Because atmospheric scattering reduces the target modulation and thus 'f
requires consideration in data reduction of target photography,.thought has . ﬁ”ﬁf?i;:,
— R
v -;-~been given to. installing targets above the atmosphere (or, at least, most of
i T
Fff 5;.the atmosphere) where the target modulation would not be influenced by at-<
"‘Li?; : ;iy.vmospheric effects. Assuming that the targets can somehow be made as motioniuﬁ
; »T; 'iilessvas ground based targets, they may well necessitate‘refocusing the camera.
:*f o 'If.these practical problems are solved, 'this is still a very ekpensi#e' %
o alternative to proper data reduction of the images of ground based targets -
[ e, - ' e e
f ;,' R and leads to torturous logistic complexities that are unwarranted. ;
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a TYPES OF TARGETS AND.THEIR ASSOCIATn.D REQUIREMENT S . ;' S .

i : The most satlsfactory bas1s for predlcting and explaining the behavior I }
?;Lﬁighfa of an aerial camera is by the use of optical transfer functions to characterize J‘thff:;.??it

I-

R :'yﬁ~ the 1maging system. An optimum target would thus be one which permlts the : .. ?‘ ,{,f e

,3%dji“}} --‘transfer functlon-to be determined. Three targets which do this are edge

P;:an: 8 gradlent, sine wave, and long line. Resolution targets give one point.on " ;}l "Q_I; E. 3
;1§' o the transfer function. Each of these forms is d1scussed below. -_ § 'iallrﬂgj ARE
o i"F"_‘\ EDGE GRADIENT . : 0
3 {%l‘ I :ff " Edge gradlent targets are composed of two adjacent (relatlvely large) ;~, 'g‘i o §
; % . areas of differlng brlghtness, where the brightness discontinulty oceurs sharply o ;_;
at a (relatively long) straight 13.ne. Thus, edge grad:Lent targets occur ’. :'. i Yo f A
:é? naturally in many cases (e.g., the edge of a rurway, the shadow of a bullding, - _é;
;E | “ete.) and they are a most valuable artificial target form because of thls .'.. -
. ‘;{kq;'j;ai 51m11ar1ty. The use of natural edge gradients in denied areas for which ground ?
ﬁ. truth can only be assumed, as an approximate camera performance monltoryas- = f"f_j_l o ?
;gﬁ -h ‘sures that both good technlques and convenlent instrumentation will be avallabler\>-
,?' "to reduce data from‘targets'of this form. Furthermore, the camera performance ‘4 . : ' ;:
'h' " as determined from‘edge_gradient targets provides the only direct verification S . '“‘ -
jz of the validity of using naturally occurring edge gradients as a further per- . o
| \v 'formance measure. _ ‘
? _;ifﬁ; Sinceithe'brightness discontinnity rather than relative or absolute bright- .
‘ :‘finess level of the target is the critical property, this target form is immnne ‘ :-f . Vif
.f. Aifx ._};;h.to the effect‘of atmospheric scattering. The contrast reduction caused by . ‘ ' '(5 ?‘
| ‘:V haae lowers the relative size of the brightness step presented to the,camera,‘, DR
~7"hut'the sharpness is maintained. In fact, it is this very immunity to haze' jg,
: e : 1 L
. con e e ey e e e s e £
g ; e
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es’

A‘f.absolute brightness/of the edge gradient target are known, then 2 direct -

Adlf}_measure of. modulation reduction due to atmospheric scattering is available. -

¢'provided in each direction by a sixty per cent enlargement, as shown in

;“ .

~ The required dimension of a single direction edge gradient is 240 feet by_

: fZCQ,feet, as shown in Figure __(4)__. Two directions are required and could

“"ne fabricated compactly as illustrated in Figure ;_{51__ Two edges can be

\
)

| :Eoﬁ ~\\\5\_F1gure -{6)__, and, as 1llustrated this can alsp be used as a grayscale i

o

. "[ ’

-3f future systems.

C LINE

*‘step—tablet. @ppendix A provides a detailed analysis of the required size of

r

The transfer function is obtained from a Fourier Transform of the exposure

gradient on the film, Thus, sensitometric data and a microdensitometer trace

. of the edge are required, and it is convenient (but not necessary) to obtain'

the Fourier Transform with a digital computer. v = 3

- — >

4

o

In principle, line targets are'comparablefto edge gradient targete, They

- must be of the same size but they lack two virtues of the_edge gradient forms =

1~_'(l) No gray scale is available "free'; and (2) A very high resolution camera

B

.'_.might not be able to use the same line target as the C/Mlcameras. These targets -

- SINE-WAVE

cmefem .

= thus have no advantage over edge gradient targets and are not reconmended. .

.iThese targets consist of paint patterns arranged so that the integratedk

,.brightness along a line element varies sinusoidally as the line is displaced
o perpendicnlar to its length. BEach target provides one spatial fregquency in one

‘ direction;_and it is thus necessary to have several (eege, four to - .x) targets:

o _ .
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?'aligned in each of two perpendicular directions. The transfer function is .

'>4

':V The conceptual and arlthmetic sxmplicity of this approach is attractlve, but»f-T

ﬁffthe target area is very large (approximately as shown in Figure_-i&l_- for |

- ground. Since this gray scale could take the form of an edge gradient target,

ﬂtptarget area is:substituted for the computation of the Fourler Transform of the' o

-i\\\_the sine-wave target form can be viewed as a trade in which greater ground .

15;“edge gradient. The sine-wave target requires the same kind of sen51tometric

‘1“5f§,data and microden51tometer trace as the edge gradient. L 1 : i

.»iof the using cameras, and this should be considered.

':(e.g., National Bureau of Standards,

'

Sine-wave tarﬂets must be made for each spatial frequency of interest,'

[ -

“and, thus, other cameras of higher resolution require further taraets (which

”f7wou1d,be smaller). The size of the targets can reveal resolution dimensions

7o

, RESOLUTION TYPES T

Over the years, many resolution test patterns have been proposed for cameras

RO Page? -

» ' [ - .
[ S T R R . e

'.;others), but recently it has been conventional to employ Air Force three-bar

"patterns. The "resolution limit" on any of these patterns is the spatial fre- '
o - quency at which “the modulatlon transfer function (i.e., the modulus of the
?ioptical transfer function) multiplied by the target modulation 1ntersects the

" modulation detectability function for the target. Modulation detectability

“ﬂ.curves currently exist only for the Air Force three-bar pattern. The use of

’*7f such targets can give only one point on the optical transfer function, but
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b "these Air Force targets are stmll worthy cf considerat:.on because of their o I
""tie to recent practice in the Reconnaissance Comnunity.- : :.' 2 ‘ ’ _' ‘

A ' Figure __(7)__ 111ustrates a single frequency pattern, useful in two RN

&ii*ec:ticns..' Figure -.{8).. shows a normal array of six i‘requency stepsh ‘
; Figure -_{Q)-_ is a possible layout of four groups which would decrease from S |

thus covering. -

 the range of C/M, and, with the smaller groups, also covering the range of - » .'f'{'- T
- i ;“vrealistic higher resolﬁtion systems.. The overall size of the array is con- S

T rolled alnost entirely by coarsest spatial frequency.of interest; as shown’

-’ in Figure __(10)_,
SRR (=) W b To this area, it is necessary to add a gray

; scale, wh:.ch could take the form of an edge gradient target. As with the ‘sine- _ ;
‘ ~ wave target fom, this extra ground area is a trade to reduce data reduction.

3 Unfortunately, only one point oh the transfér function is cbtainedj so these

' targets are not very useful in this regard unless the shape of the transfer ,
. function is invariant.
\ . . . o
In common with sine-wave targets, the size of these targets reveals the
oo ' resolution dimensions of interest.
I
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TARGET FABRICATION AND LOCATION

~

%,‘ Conventionally, aérial targets are made with very black and very white |
.paints and thus have an average reflectance close to- fifty per cent. However;f;'
‘., the averagelalbedo (reflectance) of the earth is about twenty per cent. As |
the camera is normally programmed for exposure based on thls earth value, the .
"5;>average reflectance of aerial targets should~also be close to twenty per cent,'
i thus assuring near optintum exposnre. _ .
j~lé ﬂ;;;;iiz - Geographlcally, the targets should be 1ocated south of the normal snow
Tl‘fﬁéfllimit to simplify maintenance. To further increase the optical accessibility,tfff
" “daytime cloud and fog cover should be minimized Byvproper site selection. é o
' ' Finally; if ground brightness readings can be made of the targets and';‘-
7{};; meteorologlcal data obtained, both nearly simultaneous with the photography
o then it is possible to experimentally confirm postulated relations of .
o modulation reductlon and meteorological conditions. A time leeway of from
- five to fifteen minutes would seem reasonable,. depending on how rapidly con- S
.dltlons changed, but the target site must be quite accessible if this

~

i measurement program is to be attempted..
0 pEcosmwbTIONS . . . S | _:
As an absolute minimum, three edge gradient targets of the form shown
in Figure -{4)_ should be constructed and maintained. C/M photography of
‘ these targets should be obtained at every possible opportunity until that time
' iﬁtﬁif at which no further 1mprovements of the c/M system is contemplated. Diagnostlc
E airborne instrumentatlon should be operated 51multaneously w1th the target
:ﬂ.photography whenever it is available. The reduction of operational coverage_\
i‘resulting from these_engineering:passes is an investnent to impuoy> future
oﬁerational coverage and is probably so inSignificant that it wii -ever be
PR missed.. o . : s B |
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-£191- could be added if. still.

[

veiling glare) is a very serious problem with C/M photography, 1t is valuahle

i‘orm" shown 1n Figores _(1,2)__ ';.(18)._

e

lea.ks can obta.in photographs of the same targets as seen with all of the . signi-

ficant atmospheric modulation reduction. When th:\.s camera has‘
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